23Na NMR studies of rat outer medullary kidney tubules.
Two reservations have previously made interpretation of biological 23Na NMR measurements difficult: the "size" of the extracellular space penetrated by the shift reagent and the possibility of a 60% reduction in the intensity of the NMR-visible 23Na signal due to quadrupolar interactions (Berendsen, H. J. C., and Edzes, H. T. (1973) Ann. N. Y. Acad. Sci. 204, 459-485; Civan, M. M., Degani, H., Margalit, Y., and Shporer, M. (1983) Am. J. Physiol. 245, C213-C219; Gupta, R. K., and Gupta, P. (1982) J. Magn. Reson. 47, 344-350). We have addressed both these issues using a suspension of rat outer medullary kidney tubules, nephron segments responsible for the fine control of total body volume and electrolyte balance. First, the extracellular space penetrated by the shift reagent dysprosium tripolyphosphate, as defined by the extracellular 23Na resonance, revealed a space similar to that which contained extracellular 35Cl- ions. Measurement of an extracellular 35Cl- space using 35Cl NMR was possible because the intracellular 35Cl- resonance was broadened beyond detection in the cells studied. Second, to characterize the reduction of the 23Na signal by quadrupolar interactions, the intracellular 23Na level was raised artificially by simultaneously inhibiting Na+ efflux and increasing the ion permeability of the plasma membrane. Under these conditions, NMR-observable intracellular Na+ reached a level which was approximately 81% of that in the medium, a level determined using chemical techniques. This observation would suggest that the resonance of the intracellular 23Na pool was not subject to a 60% reduction in signal intensity, as a result of nuclear quadrupolar interaction. The intracellular 23Na level measured, under basal conditions, was 23 +/- 2 mumol/ml of cell water (37 degrees C) (n = 3, S.D.) and was demonstrated to be responsive to a number of physiological stimuli. The level was temperature-sensitive. It was reduced by inhibitors of apical Na+ transport, furosemide and amiloride, and it was raised with (Na+ + K+)-ATPase inhibition. The furosemide and amiloride actions described would suggest that the Na+-transporting mechanisms sensitive to these agents (e.g. Na+/K+/Cl- cotransport system, Na+:H+ exchange system) contribute to the regulation of the intracellular Na+ level in the kidney tubular preparation studied.